We present an analysis of the intra-industry nature of agri-food trade between Hungary 
Introduction
Hungary is expected to become a member of the European Union (EU) within the next few years. As a precursor to full accession, an Association Agreement, signed in 1991, has promoted partial liberalisation of bilateral trade over the past ten years. The effects of this step towards closer economic integration depend, inter alia, on whether trade is of an interindustry or intra-industry nature. Whereas the former is associated with a reallocation of resources between industries, the latter suggests a reallocation within industries. The belief that intra-industry trade (IIT) leads to lower costs of factor market adjustment, particularly for labour, gives rise to the 'smooth-adjustment hypothesis' (Brülhart, 1999 and . 1 Thus, as the Hungarian economy becomes more integrated with that of the EU, the extent and nature of the trade impacts are likely to have important implications for economic adjustment costs.
A high level of IIT between two countries suggests an advanced degree of economic integration and tends to be positively correlated with participation in a preferential trading area, as for example has been shown by Quasmi and Fausti (1999) for agricultural trade within NAFTA. However, this is one of only relatively few studies that focus on the intra-industry nature of agri-food trade, despite its growing importance (Henderson et al., 1998) . There is an increasing number of studies of IIT between East and West Europe (e.g. Aturupane et al. 1999 , Fidrmuc, et al. 1999 and Fidrmuc, 2000 , but again these tend to neglect agriculture and food. Accordingly, we focus on the intra-industry nature of agri-food flows between Hungary and the EU during the 1990s, a period when the Association Agreement should have had a positive effect on this type of trade. We apply recent developments in the theoretical literature to identify those measures of IIT that are considered most appropriate in the context of economic adjustment costs.
The remainder of the paper is organised as follows. Section 2 briefly reviews the literature on IIT in agriculture and food. In section 3 we apply a traditional measure of IIT, the Grubel-Lloyd index, to our data set. We highlight the more recent concept of marginal IIT, with associated empirical results, in section 4. The last section summarises and offers some conclusions on the implications for the costs of Hungary's economic integration with the EU. McCorriston and Sheldon (1991) investigated IIT in highly processed food products for the US and the EU. They found US trade, except for that with Canada, to be characterised by inter-industry specialisation, but EU trade to be of an intra-industry nature. Chirstodolou (1992) examined factors explaining inter-country differences in the level of IIT in the European meat market in the late 1980s, and found that taste overlap, per capita incomes, geographical proximity and imperfect competition to be the most important explanatory variables. Hirschberg et al. (1994) analysed IIT in food processing, using panel data for 30 countries over the period , and found it to be positively correlated with a country's GDP per capita and the equality of GDP per capita between countries. They also noted that membership of a customs union or free trade area, and a common border, increased the extent of IIT. Long-run exchange rate variation and the distance between countries were shown to have negative effects. Subsequently, Hirschberg and Dayton (1996) found that GDP did not have a significant effect on IIT for a majority of disaggregated food processing sectors. et al. (1997) examine IIT in EU dairy products for the period 1988-92. As well as showing that measures of equality between two countries are positively related to the level of IIT, industry-specific variables suggest that the presence of large firms with an absolute cost advantage over small firms stimulates IIT, through increased non-price competition. Quasmi and Fausti (op. cit.) focus on the impact of NAFTA on bilateral trade in agricultural and food products between the US, Canada and Mexico, and their trade links with the rest of the world, over the period 1990 to 1995. The NAFTA agreement has increased IIT, but whereas it is dominant in trade between the US and Canada, US and Canadian trade with Mexico is dominated by inter-industry trade. While Mexican IIT with its NAFTA partners has been enhanced, it is minimal compared to the significant growth in IIT between the US and Canada.
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Henry de Frahan and Tharakan (1998) are the first to distinguish between horizontal (products differentiated by characteristics) and vertical (products differentiated by quality) IIT in European food trade. In general, their results confirm the country-and industry-specific determinants of IIT proposed by the theory. Van Berkum (1999), investigating the pattern of agricultural trade between the EU and ten Central European countries, shows that vertical IIT is dominant, i.e. trade characterised by EU exports of higher quality products and Central European exports of lower quality products. This suggests perhaps a specialisation within agriculture between the two regions, with production becoming increasingly complementary in nature.
In summary, these recent empirical studies have focused on describing trade flows and exploring the possible determinants of IIT. The results support the view that IIT is increasing and determined mainly by distance between partner countries and membership of a free trade area or similar. Market size, market structure, GDP measures and taste overlap may be important, but are not unambiguous as explanatory variables. There would also appear to be a relevant distinction between horizontal and vertical IIT. In the remainder of this paper we present a description of the trade flows in agri-food products between Hungary and the EU, beginning with the traditional Grubel-Lloyd index but then employing the more recent concept of marginal IIT, developed in the theoretical literature, to identify those measures of trade considered most appropriate in the context of factor market adjustment.
A traditional measure of IIT
We focus on Hungary's agri-food trade with the fifteen member states of the EU over the period 1992-98. The data are supplied by the OECD at the four-digit level of the Standard International Trade Classification (SITC). There are 253 four-digit product categories, to which we add two five-digit product categories (wheat starch and maize starch). The full sample of 255 product categories covers bilateral trade flows between Hungary and the EU member states in each of the seven years.
We use first the traditional measure of IIT, the Grubel-Lloyd (1975) index:
where X j and M j are the value of exports and imports of product category j. |X j -M j | is a measure of 'unmatched' (or inter-industry) trade, while (X j +M j ) is a measure of total trade in j. The index varies between 0 (complete interindustry trade) and 1 (complete intra-industry trade). Grubel-Lloyd indices are aggregated at the industry level using trade weights:
where X and M are total exports and imports.
Some characteristics of Hungary's IIT with the member states of the EU, for agri-food products in aggregate, are shown in Table 1 . First, there is an upward trend in IIT, but values of the GL indices are relatively low, <0.3. As expected, the GL indices tend to be higher for the EU as a whole than for individual member states. Second, the level of IIT varies significantly by member state and by year. The GL index is relatively high for trade with Austria, the Netherlands, France and Germany, and at its lowest for trade with Italy, Spain, Greece and Ireland, indicating that there are significant differences in the structure of IIT with the member states, and that the EU should not be treated as homogeneous in this respect. It is interesting to note that Hungary's GL indices with richer member states (e.g. Austria, Germany, Netherlands, France) are relatively high, while in the case of the poorer member states they are generally lower. This suggests that GDP per capita is perhaps not a good explanatory factor. Noteworthy also is that Italy has a low GL index (<0.10) although it is one of the most important trading partners for Hungary. In contrast, in some years Finland (1998) and Portugal (1993 Portugal ( , 1996 Portugal ( -1997 have relatively high GL indices (>0.22), but have no significant role in Hungarian agricultural trade. This highlights that there is no direct relationship between the GL index and the amount or level of IIT (see below).
The GL indices in Table 1 are low compared with those for trade in manufactured goods. Estimates of GL indices for trade in manufactures between Hungary and the EU, from 1990 to 1996, range between 0.47 and 0.57 (Fidrmuc, 2000) . The pattern is similar for Hungary's trade with selected EU countries (Austria, Germany, Italy, Netherlands and Sweden), with GL indices of between 0.42 and 0.64 (Fidrmuc et al. 1999 ).
Grubel-Lloyd indices are also calculated by commodity groups, based on four-digit level data, which are then aggregated to the two-digit level (Table 2). The indices do not exhibit a clear pattern, but vary by year and by product group. However, there are some commodity groups with high values: dairy products; coffee, tea, cocoa; feedstuff for animals; tobacco; hides, skins; textiles fibres; crude animal and vegetable materials; and animal oils and fats. Table 3 summarises this information in a frequency distribution. It suggests that the more significant changes occurred in the middle range of the GL indices (0.4 to 0.6), where the share of products more than doubled between 1992 and 1998. The shares in the lower and upper ranges of the frequency distribution tended to decline.
However, a different picture emerges if we present the GL indices for the two years in the form of a scatter diagram, with the horizontal axis repre-senting 1992 values and the vertical axis the corresponding 1998 values ( Figure 1) . A point lying on the leading diagonal indicates that no change has occurred in the value of the GL index between 1992 and 1998. A point that lies above (below) the diagonal represents an increase (decrease) in the GL index over the two years. The vertical distance between the diagonal and any point above (below) it represents the absolute increase (decrease) in the GL index over the period. Significant changes occurred in the pattern of IIT between 1992 and 1998; there are only a small number of points close to the diagonal. Although Table 3 suggests that there is very little change in the lower end of distribution, the scatter diagram displays a different picture. Many products with a GL index of between 0-0.2 in 1992 reveal a much higher index in 1998, and likewise many products with higher indices in 1992 moved into the 0-0.2 range in 1998. These gross movements counter each other, such that there is little change in the frequency distribution. From Table 3 , there is no change in the share (6.7 per cent) of products in the upper end of the distribution (0.8-1.0), but again Figure 1 reveals a number of high-to-low and low-to-high movements. This relatively high variance in the pattern of IIT between Hungary and the EU reflects perhaps that economic restructuring is still much in evidence.
The measurement of IIT has two major problems, both well known. The first relates to the grouping of industrial activities or sectors. The second relates to bias arising from the trade imbalance, |X-M|. Several suggestions have been made to counter this problem, but none has general acceptance in the literature. In addition, Rajan (1996) highlights the importance of distinguishing between the degree of IIT, as measured by the GL index, and the level of IIT, which can be defined as total trade (X+M) minus inter-industry trade, or the trade imbalance, |X-M|. Rajan demonstrates that the standard GL index fails to correctly reflect the level of IIT in the presence of trade imbalance, i.e. there may be a high GL index but a low level of IIT. Nilsson (1999, p 109) notes that this will make more difficult "… establishing an empirical relationship between the share of intra-industry trade on the one hand, and the explanatory variables emerging from theory on the other, …" To facilitate inter-country comparisons, he proposes a new measure in which the bilateral level of IIT is divided by the total number of products traded, to yield an average level of IIT per product (Nilsson, 1997 and .
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Development of marginal IIT
The GL indices in Tables 1 and 2 indicate a slightly upward trend in IIT. However, the GL index is most appropriate for measurement over a single period of time, i.e. it is regarded as a static indicator of IIT.
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An assumption, sometimes implicit, in the literature on trade liberalisation has been that the GL index, as a measure of IIT, is negatively correlated with factor market adjustment costs. But adjustment costs are dynamic phenomena, and the static GL index is not a suitable measure in this instance. Consequently, recent theoretical developments stress the importance of marginal IIT (MIIT) in the context of the adjustment costs of trade liberalisation (Hamilton and Kniest, 1991; Greenaway et al., 1994; Brülhart, 1994 Brülhart, , 1999 Brülhart, and 2000 Azhar et al., 1998; Thom and McDowell, 1999) . 3 Thus, "… it is the structure of the change in flows of goods (MIIT) which affects adjustment rather than the trading pattern in any given time period (IIT)" (Brül-hart, 1994, p. 609) .
Several indices of MIIT have been developed. 4 The most popular measure used in recent empirical studies (e.g. Fidrmuc et al., 1999; Brülhart and Hine, 1999) is that proposed by Brülhart (1994) , which is a transposition of the GL index to trade changes:
Even though the GL index measures trade flows and therefore is not static in the strict sense. where X j and M j have the same meaning as in the case of the GL index and ∆ is the change in trade flows between two years. Like the GL index, A varies between 0 and 1, where the extreme values correspond to changes in trade flows that are attributable to being entirely of an inter-industry (0) or intra-industry (1) nature. The A index is defined in all cases, can be aggregated over a number of product groups using appropriate weights and indeed shares many the familiar statistical properties of the GL index.
Using (3), MIIT in agricultural and food products between Hungary and each of the member states of the EU, between 1992 and 1998, is very low, <0.2, with neighbouring Austria recording the highest value of 0.19 ( Table  5 , middle column). These estimates suggest that the change in agri-food trade between Hungary and the EU during the period was almost entirely of an inter-industry nature. Marginal IIT in each of the member states' total agri-food trade over the period is much higher ( Table 5 , last column), suggesting that whilst the role of IIT in the change in total agri-food trade was important for EU countries, this was not the case in their trade with Hungary.
As with the GL indices, the A indices are also calculated by product groups, based on four-digit level data and then aggregated to the two-digit level. The degree of MIIT differs considerably between 1992 and 1998 (Table 6 , second column), but the indices are below 0.2 for 18 of the 22 product groups, again suggesting that inter-industry trade was dominant.
Brülhart's A index overcomes various problems associated with earlier attempts to measure MIIT (e.g. Hamilton and Kniest, 1991; Greenaway et al., 1994) , but has been subject to criticism. Oliveras and Terra (1997) investigate statistical properties of the index and point out that there is no general relationship between the A index of a certain period and the corresponding indices of any sub-periods. They also find that there is no general relationship between the A index of a given industry and the corresponding indices of any sub-industries. Consequently, results based on the A index are very sensitive to choice of period and industry aggregation. The first of these problems is illustrated by splitting our period into two sub-periods, 1992-94 and 1995-98 (Table 6 ). Correlation coefficients between the whole period and these two sub-periods are 0.30 and 0.06, respectively. However, as Oliveras and Terra note, this inconsistency may provide additional information about the adjustment process.
A final but important consideration relates to the classification of MIIT as either horizontal or vertical. Conventionally, horizontal differentiation is based on actual or perceived differences in product characteristics which do not cause a systematic variation in price, whereas vertical differentiation is defined in relation to varieties that offer different levels of quality and therefore command different prices. Adopting a rather different dichotomy, based on the organisation of production rather than the characteristics of goods, Thom and McDowell (1999) argue that whilst Brülhart's A index is an appropriate measure of horizontal MIIT, it does not distinguish between horizontal and vertical MIIT, and therefore may underestimate the importance of total MIIT. This offers a further insight into the link between MIIT and adjustment costs, because vertical IIT is associated with factor endowments and specialisation and therefore closer to interindustry trade. Thom and McDowell (1999) define vertical IIT as involving the separation of the processes by which a final good is produced, that is, the production process is vertically disintegrated, e.g. the production of feed wheat and beef cattle in agriculture; horizontal IIT is defined, more conventionally, as occurring when consumers express preferences for product variety. Effectively, this distinction requires MIIT to be measured at the industry and sub-industry levels. Their method of classifying horizontal and vertical MIIT is as follows. A w , the weighted version of Brül-hart's index is calculated over the N sub-industries that comprise industry j,
where w i are appropriate trade weights. This measures horizontal MIIT. A measure of total (horizontal and vertical) MIIT at the industry level, A j , is given as:
where
. Vertical MIIT can then be defined as A j -A w , and inter-industry trade as 1-A j . Thus, the overlap in a country's exports of feed wheat and imports of beef cattle, for example, will now be classified as vertical MIIT rather than as inter-industry trade, as would be the case under the Brülhart index.
As can be seen from Table 7 highlight the difference between total MIIT (A j ) and horizontal MIIT (A w ). The A j index of Thom and McDowell (op. cit.) reveals the importance of vertical MIIT, the highest value of which is for Hungary's trade with Portugal (0.84). Indeed, the largest share of the change in IIT over the period is attributable to vertical MIIT in eight of the member states. Similarly, for the EU as a whole, vertical MIIT (0.51) is shown to dominate marginal inter-industry trade (0.36) and horizontal MIIT (0.13).
Summary and conclusions
This paper has presented an analysis of the intra-industry nature of agrifood trade between Hungary and the EU for the period 1992 to 1998. The Association Agreement, in promoting partial trade liberalisation, can be said to have contributed to a slight growth in IIT as measured by the GL index. However, this increase is not uniform by country or product group, and probably reflects different patterns of bilateral integration and progress in economic restructuring. Also, the relatively high variance in the temporal pattern of IIT suggests that restructuring is far from complete. Our results reinforce the importance of distinguishing between the degree and the level of IIT, and accord with the general finding that the GL index is a poor indicator of the latter.
Marginal IIT, which is now regarded as a more appropriate measure in the context of economic adjustment costs, would appear to be low for agrifood trade between Hungary and the EU, but assumes greater significance when the index is broadened to include vertical as well as horizontal IIT. The structure of the change in agri-food trade between Hungary and the EU during the period therefore was predominantly intra-industry of a vertical nature or inter-industry. Both are believed to incur adjustment costs that are higher than with horizontal IIT, but the dominance of vertical IIT suggests that the agri-food industries of Hungary and the EU may be developing in a complementary manner, involving somewhat lower adjustment costs than might have been feared. 1992 1993 1994 1995 1996 1997 1998 00 Source: Authors' calculation based on SITC data at four-digit level, aggregated to two-digit level using trade share weights. Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 Source: Authors' calculations based on SITC data at four-digit level, aggregated using trade share weights.
Note: TMIIT is total marginal intra-industry trade, HMIIT is horizontal marginal intra-industry trade, VMIIT is vertical marginal intraindustry trade, and MiIT is marginal inter-industry trade. GL (1992) GL ( 1998) 
